VISUAL ABSTRACTWilson
A cute stress-induced (takotsubo) cardiomyopathy has a dramatic clinical presentation, mimicking a myocardial infarction (MI) (1) and is often precipitated by major emotional/physical stress. Despite unobstructed coronary arteries, the left ventriculogram shows characteristic myocardial ballooning, not corresponding to a single coronary artery territory, and the heart function is severely reduced. Regardless of a spontaneous process of recovery as a recognized feature of takotsubo cardiomyopathy, the mortality risk and long-term mortality are also comparable with MI (2, 3) . There is no current treatment, and the etiology is unclear, therefore its pathophysiology needs to be resolved before targeted therapies can be trialed. We have previously demonstrated severe global edema in both left and right ventricular myocardium of takotsubo patients during the acute phase with incomplete resolution at 4 months (4-7). The substrate of this persistent edema is most likely an ongoing inflammatory response, which remains to be characterized in detail.
However, this is challenging in patients, where coex- 
Wilson et al. RAT HEART TISSUE PROCESSING. After schedule 1 sacrifice, rat hearts were fixed in 5% phosphatebuffered formaldehyde and embedded in paraffin.
All hearts were sectioned in 3 transverse blocks: apex, mid-heart, and base, and 4-mm sections from each level examined by histology and immunohistochemistry. Isoprenaline-injected rats for each of the time points (day 0 equivalent to 6 h after injection), days 1 to 7 and day 14 (n ¼ 7 per group) was compared with saline-injected control rats (n ¼ 7 per group), that is, 70 animals in total. Because some deaths occurred on injection in our designed groups, the number of animals available for each group was 5 to 7 animals as indicated in Results. In additional experiments, hearts were snap frozen for gene expression analysis (control, saline-injected animals, and animals sacrificed on day 3 and day 14 after induction of takotsubo cardiomyopathy).
HISTOPATHOLOGY. Hematoxylin and eosin-stained sections from the mid-heart, where the wall motion abnormality and subendocardial hemorrhage were observed, were scored semiquantitatively in a blin- Most insults occurred in regional areas of the section as illustrated in Supplemental Figure 3 . where histological scores peaked at day 4, subsiding
Takotsubo Cardiomyopathy and Myocardial Inflammation 769 at day 5. Beyond day 5, fiber atrophy was more evident, then decreased by day 14 ( Figure 1C ).
Hypereosinophilic myofibers were observed, peaking at day 6 when nuclear pyknosis was observed ( Figure 1D ), although this change was found across the 14-day period examined. Fibrosis was also identified in late-stage sections (days 6, 7, and 14), consistent with the sequelae of earlier inflammatory changes. Histological characterization of hematoxylin and eosin-stained mid-heart sections of control rats and from rats over the time course (0 to 14 days) after induction of takotsubo cardiomyopathy show a temporal immune/inflammatory cellular infiltrate. Sections of heart tissue were semiquantitatively scored by a consultant histopathologist (K.K.) blinded to the study. Arbitrary scores of 0, 1, and 2 were given for (A)
hemorrhage (gray bars) or presence of hemosiderin-containing phagocytic cells (white bars), (B) immune/inflammatory cellular infiltrates, (C) degenerate myofibrils/myofiber atrophy, and (D) eosinophilic myofibers. The number of animals per group were as follows; control n ¼ 7, day 1 n ¼ 6, day 2 n ¼ 6, day 3 n ¼ 7, day 4 n ¼ 6, day 5 n ¼ 7, day 6 n ¼ 6, day 7 n ¼ 5, and day 14 n ¼ 5 animals. Statistical difference in histological scores between control rats and those injected with isoprenaline were calculated with p values denoted above each time point bar.
Values in bold indicate statistically significant differences compared with the control group.
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Macrophage infiltrates subsided by day 5, but were still evident at day 14 and did not return to baseline levels, consistent with the time scale of the immune cell infiltrate noted on histological assessment. We observed no detectable T-cell infiltrates over the time course examined. ( Figures 3B and 3C ), peaking at day 4. The percentages . Values represent mean counts AE SD in 24 fields of view from defined areas as described in the Methods section. The number of animals per group were as follows: control n ¼ 7, day 1 n ¼ 6, day 2 n ¼ 6, day 3 n ¼ 7, day 4 n ¼ 6, day 5 n ¼ 7, day 6 n ¼ 6, day 7 n ¼ 5, and day 14 n ¼ 5 animals. Statistical difference in mean number of neutrophil and macrophage counts between control rats and those injected with isoprenaline were calculated with p values denoted above each time point bar. Values in bold indicate statistically significant differences compared with the control group.
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Wilson et al. Analysis of systemic and myocardial cytokine levels in control animals and those with Takotsubo-like cardiomyopathy at day 3 (d3) and day 14 (d14) are shown. Serum levels of IL-6 (A) and IL-10 (B) are mean pg/ml levels AE SD; gene expression levels of IL-6 (C) and IL-10 (D). Groups analyzed consisted of control, saline-injected animals (n ¼ 10), isoprenaline-injected animals sacrificed 3 days after injection (n ¼ 9), and isoprenaline-injected animals sacrificed 14 days after injection (n ¼ 5). Values are mean fold change over control animals AE SD. Values above each bar indicate p values compared with control animals. IL ¼ interleukin.
tissue macrophages between patients and control subjects.
DISCUSSION
Several mechanisms have been implicated in pathogenesis of takotsubo cardiomyopathy, including coronary artery spasm, microvascular dysfunction, and excessive release of catecholamines in response to stress (17, 18) . None of these mechanisms, however, has been conclusively proven to be responsible for the disease solely or in combination, accounting for the lack of targeted therapies. Inflammation has been implicated from noninvasive imaging, because of the intense myocardial edema observed on cardiac magnetic resonance imaging (3, 5) , and inflammatory changes in the heart have been reported from biopsies of patients, albeit these were taken from the right ventricular myocardium (19) . Proteomic analysis of apical cardiac tissue in an experimental model also proposes inflammation might be involved (12) , and an increase in macrophage infiltration has been observed (D) Percentage of CD68-positive macrophages staining for M1 markers HLADR and SOCS3, and M2 marker CD163 in patients with takotsubo cardiomyopathy (TTC) (n ¼ 2) and age/sex-matched control subjects (control) (n ¼ 4).
